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Abstract 
Sumitomo Electric has been developing the silver-sheathed Bi2223 multi-filamentary wires since the discovery of Bi-based 
superconductors. DI-BSCCO is the superconducting wire with high and uniform critical current properties produced using the 
controlled-overpressure (CT-OP) sintering technique. The present commercial DI-BSCCO can provide the uniform high critical 
current, Ic, up to 180 A with length over 2000 m, and recently over 200 A with length over 1000 m were produced successfully, 
resulting from the improvement and control of the microstructure in Bi2223 multi-filaments. The short trial wires of several meters 
have exhibited the highest Ic over 240 A at 77 K in self-field (corresponding to 580 A per 1 cm-width). Besides, the optimization of 
carrier density after CT-OP have led to further enhancement of Ic, reached 250 A at 77 K in self-field. All the derivative products 
also have uniform critical current properties over entire length even after lamination with the reinforcing metals. The performances 
of DI-BSCCO can meet the growing needs for various applications of high temperature superconductor like high in-field 
applications, such as magnets and motors. The recent progress in transport properties of commercial DI-BSCCO and R&D short 
trial wires is shown. 
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1. Introduction 
Bi2223 is one of the most promising high-temperature superconducting materials for the use of electrical wires. 
Sumitomo Electric has been developing Ag-sheathed Bi2223 multi-filamentary wires since the discovery of Bi-based 
superconductors. Now we commercially produce dynamically-innovated Bi2223 superconducting wires (DI-BSCCO) 
using the proprietary controlled-overpressure (CT-OP) sintering method [1-4].  
Compared to conventional Bi2223 wires, DI-BSCCO wires show distinct progress in critical current (Ic) exceeding 
180 A and critical current density (Jc) exceeding 5.0 x 104 A/cm2 over entire length of 1,000 m at liquid nitrogen 
temperature in self-field. DI-BSCCO wires also show enhancement in-field Ic properties at lower temperature. 
Although DI-BSCCO wires promise such high performance, further improvements of the transport properties are 
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needed for some practical applications, such as motors and magnets. To reply these requests, we have been refining 
our manufacturing process by optimization of wire design, every heat treatment and mechanical process. As a result, 
we have been updating the highest Ic and Jc at 77 K in self-field for the R&D short wires and Ic x L at 77 K in self-field 
for over 1000 m-long wires. In this paper, the recent progress of DI-BSCCO Type H wire (bare BSCCO wire) is 
shown. Moreover, R&D activities on derivative products like Type HT(reinforced BSCCO wire) or Type G(BSCCO 
wire with Gold doped sheath metal) are also shown.  
2. Recent R&D progress of DI-BSCCO wires 
2.1. Ic and Jc propertiest 
Figure 1 shows the progress history of Ic performance of DI-BSCCO. Ic of the short length R&D DI-BSCCO wire 
has achieved 240 A, which corresponds to 600 A in case of 1cm width wire. Jc of this 240 A class wire reaches 77 
kA/cm2.  
The relationship between Tc and carrier doping level shows well-known bell shape. The highest Tc is obtained at the 
peak of bell shape, so called optimum doping level. On the other hand Ic at 77 K in self-field is in directly proportion 
to Tc. So Ic at 77 K in self-field shows the highest value at optimum carrier doping level.  By the way, the carrier 
doping level of as processed DI-BSCCO is slightly over-doped. This means that Ic of as processed DI-BSCCO can be 
increased by controlling the carrier doping level to optimum. In fact, the 240 A level wire show much higher Ic value 
that reaches up to 250 A by controlling the carrier doping level.  
2.2. Uniformity of DI-BSCCO wire 
The prominent feature of DI-BSCCO is not only the high Ic and Jc but also the high uniformity of transport 
properties over full length of km-class wire. We have been developing not only the short R&D wires but also km-class 
practical wires. Figure 2 shows the Ic value over full length of typical DI-BSCCO wires with over 1km length. Their Ic 
values range from 200 A to 210 A and no degradation of Ic and n-value is observed.  
We can succeed to achieve high Ic value and supreme uniformity by introduction of CT-OP technique. 
2.3. Reinforcement(Type-HT) 
DI-BSCCO Type-HT wires are reinforced by the metal laminas of stainless steel (SS) with 20 um thickness or 
copper alloy (CA) with 50 um thickness. Though their critical tensile stresses are over 250 MPa, much stronger 
mechanical properties are sometimes required. So we try to produce mechanically improved Type-HT wires by use of 
thicker reinforcement metal laminas. Figure 3 shows the relationship between the thickness of SS lamina and critical 
tensile stress of Type-HT wire.  
 Ic of Type HT wires are as same as that of Type H before lamination. In other word reinforcement process never 
leads to degradation of transport properties. But the cross sectional area is increased by lamination, so Jc of Type HT 
wires are smaller compared to that of Type H. The appropriate thickness of lamina may be determined by the meeting 
point of required strength and required Jc.  
Fig. 1 History of improvement   in Ic 
of R&D and commercial DI-BSCCO 
Fig.2 Longitudinal distribution of  Ic and n value 
Data of 7 Type H wires are ploted. 
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2.4. Development in Type G wire 
As mentioned above, we have been developing 
Type-H wires continuously and have achieved the Ic 
of 250 A. The techniques derived from this 
development can also be applied to Type G wires. 
Figure 4 shows the recent Ic value distribution over 
entire length of Type G wires. Ic values of many Type 
G wires have attained over 200 A. Type-G wires with 
such high Ic must promise the advanced design of 
superconducting current lead. 
Mechanical properties of these new Type G wires 
are evaluated. Critical wire tension at room 
temperature, critical double bending diameter, critical 
tensile strength and critical tensile strain are evaluated 
and clarified to have same mechanical properties as 
commercial Type H wires.  
2.5. In-field  properties 
In the practical use of BSCCO wires, in-field and at 
lower temperature properties are more important than 
that at 77 K in self-field. Recent research has revealed 
that the relationship between carrier doping level and 
Ic in higher field is different from that in self-field. 
The maximum Ic value is attained not at the optimum 
carrier doping level in field as shown Figure 5. 
Controlling the carrier doping level to over doping 
state leads to higher Ic. The course of this 
improvement is thought to be the improvement of 
superconductivity in a Bi2223 crystal. But there is a 
room for further investigation on this phenomenon.  
3. Prospects for higher Ic 
Though DI-BSCCO wires show high performance 
as mentioned above, further improvements of 
transport properties are required for some practical 
application. So the prospects to achieve higher Ic are 
discussed in this section especially from the view 
points of micro structure. 
Figure 6 shows a longitudinal cross sectional 
secondary electron image of a filament of DI-BSCCO 
wire. The super-current flow horizontal direction in 
image, that is parallel to the interface between silver 
matrix and superconductor. Cross section of a filament 
can be categorized into two regions. One is near the 
interface region and the other is the central region of a 
filament. Bi2223 platelet crystals are grown along 
silver surface and its ab-plane align parallel to the 
silver surface [5, 6]. Such crystal growth lead Bi2223 
crystals aligned each other and result in better 
transport properties. On the other hand, Bi2223 
crystals in the central region grow in free direction and 
0
50
100
150
200
250
300
350
400
450
500
0 0.02 0.04 0.06 0.08 0.1 0.12
Te
ns
ile
 s
tr
en
gt
h 
(M
Pa
)
Stainless steel tape thickness (mm)
Type HT-SS
(SS=20ȝm)
(SS=50ȝm)
(SS=100ȝm
(SS=80ȝm)
Fig.3 Critical tensile strength dependence 
 on stainless steel lamina thickness 
10
15
20
25
30
35
40
0
50
100
150
200
250
300
0 200 400 600
n 
va
lu
e
Ic
 (A
)
Length (m)
      Fig.4 Longitudinal distribution of  Ic and n value
      Data of 7 Type G wires are ploted. 
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crystals are misaligned each other. Even though this 
misaligned region occupies almost half of a filament, 
DI-BSCCO wires show high Ic properties. Figure 6 
implies that the thicker aligned region must lead to 
drastically higher Ic. Also in Figure 6 we can observe 
necking of filament where silver matrix becomes 
thicker and narrows filament. In such a necking 
region current flow in Bi2223 crystals near the 
interface must be restricted. So flatter interface must 
leads to higher Ic.  
We have been trying to improve these micro 
structural defects by optimizing the chemical reaction 
to grow Bi2223 and the drawing process, and they 
are still under further investigations. 
4. Conclusions 
We have attained the highest Ic, Jc and Ic x L at 77 K, self-field. For our short R&D wire, we have updated Ic at 77 
K, self-field up to 241 A partly due to high Tc over 112 K. The cross sectional size of the wire was as small as the 
current commercial DI-BSCCO Type H wires, leading to the highest Jc of 7.4 x104 A/cm2 corresponding to 580 
A/cm-width. For the long Type H wires, Ic of 200 A over 1000 m and 190 A over 1500 m have been achieved without 
any degradation. As a result, Ic x L have reached over 360 kAm. 
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Fig.6 Cross sectional SEM image of single filament of DI-BSCCO
Trench in top and bottom area  is  the trace of Ag filaments. 
